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(57)[ABSTRACT OF THE DISCLOSURE] 



[MM] [SUBJECT OF THE INVENTION] 

v'Ua^IitSi Nit© It provides the manufacturing method and 
#ffiT*©01SM£P£"l'Jt<£ < fx manufacturing equipment of a semiconductor 
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0 Z tffX*£ s Lfrhs M$f?*\ which can perform film-quality control by the 

T'itjpplCfD S i NH^£rff2$G"t" 3 interface of a silicon substrate and a SiN film 

w t co-C t 5 ¥^$W§^M£ with the sufficient result, and can form a SiN film 

&t^Jsixil£il#W"5o with high quality moreover in a short time. 



T"fWR LSA60^LT 

MiST^t??"? stems 

U rc07°7XT^fflV^Ttute 
*B^«JH»?"C 1 n m^T^IS 



[PROBLEM TO BE SOLVED] 

It forms the plasma containing oxygen, or 
nitrogen, or oxygen and nitrogen by irradiating a 
microwave in process-gas atmosphere through 
the flat antenna member RLSA60 which has 
two or more slits in the wafer W which has a 
silicon as a main component, using this plasma, 
gives oxidation, a nitridation, or an oxide/nitride 
directly to said wafer W surface, and forms the 
insulation film 2 of 1 nm or less at oxide-film 
equivalent conversion film thickness. 



(a) 



Xe * Hi* H2 

I i i 



i 



-21 



(b) 



SIH«* N2 • Xe 



Ml 

£ZZZZZZZZZZ3^21 
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[CLAIMS] 



im*m i ] 

^iittsr t^x vmm. x 

XV £ m v * X m 1E«M{$:3I 
mx 1 n mi^TWi£M£M 



[CLAIM 1] 

A semiconductor manufacturing method, in 
which it forms the plasma containing oxygen, or 
nitrogen, or oxygen and nitrogen by irradiating a 
microwave in process-gas atmosphere through 
the flat antenna member which has two or more 
slits in the processed base material which has a 
silicon as a main component, using this plasma, 
gives oxidation, a nitridation, or an oxide/nitride 
directly to said processed base material 
surface, and forms the insulation film 2 of 1 nm 
or less at oxide-film equivalent conversion film 
thickness 



ja^" It is the semiconductor manufacturing method 



2 ] [CLAIM 2] 

tmm i tmv^m® 

feXfo^X, ituffi*aS#*/$\ of Claim 1, comprised such that the 

N 2 XfiN 2 OXIiNOXliN semiconductor manufacturing method 

H 3 %i$tfZ. t teW^b-t^b^- characterized by said process gas containing 

mimmti&o N 2 , N 2 O, NO, or NH 3 . 



[ft^il 3 ] 

^^m^xmtm^mmi$m 
mt*m \^x% i <Dm&.mzm 



[CLAIM 3] 

A semiconductor manufacturing method, in 
which in process-gas atmosphere, it forms the 
plasma containing oxygen, nitrogen or oxygen 
and nitrogen in the processed base material 
which has a silicon as a main component by 
irradiating a microwave through the flat antenna 
member which has two or more slits, the 
process which gives oxidation, a nitridation, or 
an oxide/nitride directly to said 
processed-base-material surface, and forms 1st 



3/24/2006 



6/47 Copyright (C) 2006 The Thomson Corporation. 



JP2000-294550-A THOMSON 



Jj£-f<5Ig£, insulation film in it using this plasma, the 

iWEM 1 ©l&8UBS±{£^ 2 <D%& process which forms 2nd insulation film on said 

JWRSrJgfiJc't'S TM k, 1st insulation film, it comprises these. 

[tmm4] [CLAIM 4] 

It^ 1 ! 3 fflMo^^lfcWkjj A semiconductor manufacturing method, which 

Iffeot, BufS^ 2 colfe^Jil is the semiconductor manufacturing method of 

SrMtSlS^, ^fb^-f SI Claim 3, comprised such that the process which 

fab ft 5 ffeff Jf 3rffM"t" 5 TM. forms said 2nd insulation film is a process which 

T'fo -5 ^ k k-f& ffc forms the insulating layer which is made up of a 

WUfftfeo silicon nitride. 

[tmm 5 ] [CLAIM 5] 

If >k*M 3 XH 4 iEftco^jSfls A semiconductor manufacturing method, which 

^ia^ffi^fcoT^ HfifEfs2CD is the semiconductor manufacturing method of 

^^^Srff^-t'SX©^^ C V Claim 3 or 4, comprised such that the process 

Dffilc J; *9 fttitiZ) TMX*h%> which forms said 2nd insulation film is a process 

' k £$HS k -T Z> ^mfcUmjj performed by CVD method. 

umme] [claim 6] 

If 3Xli4 f£gc(7)^^$ A semiconductor manufacturing method, which 

M3s^*feTfcoT N mffS^ 2© is the semiconductor manufacturing method of 

lfei;fll£ffM1~5Xg#\ Zfy Claim 3 or 4, comprised such that the process 

XV X lTt>tiZ> X@T* which forms said 2nd insulation film is a process 

fc^-i performed by plasma irradiation. 



56 



[«#Jg7] [CLAIM 7] 

It^ 3 ! 6 ffift^^^^Mis^ A semiconductor manufacturing method, which 

SffeoT, fufS^ 2 ^Ifefiflg is the semiconductor manufacturing method of 

N 2 XfiN Claim 6, comprised such that the process which 

H 3 RU^ J *yy y yJUti/? n forms said 2nd insulation film is a process which 
jVi/7 y yXli h V 2 xijv-yy supplies the plasma containing N 2 or NH3 
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Sr^tf ^7 ?rMt 5 IS and a monosilane, a dichloro silane, or a 

tfcSri^IitS^ trichloro silane. 

[W**f 8] [CLAIM 8] 

ft 6 f£icW^?^f$iias^ A semiconductor manufacturing method, which 

^feot, tnt^y X-rflg|t is the semiconductor manufacturing method of 

#\ Ifilfcw;* U y h^Wi'S 1 ? Claim 6, comprised such that said plasma 

S T l/*Tl- : W$%: J fc LTff frH irradiation is performed through the flat antenna 

Z>^h %W$l t -t&^^fcM^ member which has two or more slits. 

nmm 9 1 [claim 9] 

It^ 3 ! 1 fStt^^^f^Mis^* They are the semiconductor fabrication 

}££rHJtrf 5fctoCD^^ffclS3j| machines and equipment for implementing the 

lltfeot^ semiconductor manufacturing method of Claim 

^f£-^^ ^ comprised such that one which has a 

n^^#< ^g^iSfcco^ y > microwave power source, the apparatus to 

h Srlf t6¥®7 >"r which it leads said microwave and the flat 

£ % ^^32H$»fSfi£ 4 0 antenna member which has two or more slits, 
0° C£(±liMt the temperature rise mechanism in which it 

t , %±Mj3 ^ £SJS^-# < # maintains the temperature of a processed base 

^Wi^WMt, SiS^^rlTo material at 400-degree C or more, the gas 

r r &T\^WHZ^&MQW%M supply structure that leads process gas to a 

Mtt^irZ)— oXlt^tti&^O reaction chamber, and the evacuation 

^u^Tsf-^i/^h, $?&LSI1I mechanism which reduce pressures a reaction 

^^M^M&^^^^Tht > chamber to 1 Torr or less or the process 
Z)^ZW&t1r chamber more than it, and the feed drive 

^Kjm^So system which carries out vacuum conveyance 

of the processed base material, semiconductor 
fabrication machines and equipment 
characterized by comprising these. 

[tmm 1 0 ] [CLAIM 10] 

It^ 1 ! gfSic^^^f^MisS They are the semiconductor fabrication 

ftfeo X s f— V ^MM^^L machines and equipment of Claim 9, comprised 
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^'J^)t-ffMT-# 3 <£ o itufE such that said process chamber is arranged two 



or more so that gate insulation film can be 
formed in juxtaposing. 

Semiconductor fabrication machines and 
equipment characterized by the 
above-mentioned. 



nmm 1 1 1 

xk> s i N^?fM-r^r t*® 



[CLAIM 11] 

They are the semiconductor fabrication 
machines and equipment of Claim 9, comprised 
such that it comprises a different CVD chamber 
from said process chamber, and a vacuum 
carrying system, it continues at a direct 
oxide/nitride and forms SiN by CVD. 
Semiconductor fabrication machines and 
equipment characterized by the 
above-mentioned. 



[DETAILED DESCRIPTION OF THE 
INVENTION] 



[0 0 0 1 ] 



[0001] 



[TECHNICAL FIELD OF THE INVENTION] 

This invention relates to the manufacturing 
method of a semiconductor. 
Specifically, it is related with the gate 
insulation-film formation method in a MIS type 
semiconductor device. 



[0 0 0 2] 



[0002] 



[&*<D&m [PRIOR ART] 

flbJL M I Si^ifrf^'f 7- Recently, in connection with the miniaturization 

<D'0Mik\z.{$\^, 4 n mfJUl:^ of a MIS type semiconductor device, very thin 

T^ffi^T^!/^— hifeliU^ gate insulation film about 4 nm or less is 
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l^£tiT^3 0 VtM, tf—h demanded. 

B'MMttWt LXlt % 8 5 0° Formerly, the silicon oxide film (Si0 2 film) 

C-l 0 0 0° CfegZ<DiSiW)U obtained by direct oxidation of a silicon 

ijp^ffl^t^ y ^^Si^E substrate has been used industrially, using the 

ffi!Wfc(££oT#£>;h>5>'!J 3 heating-at-high-temperature reactor about 850 

(S i0 2 JII) degrees C-1000 degrees C as a gate 

#J £ tlX # fc c insulation-film material. 

[0 0 0 3] [0003] 

LfrLte&b, S i O 2 SI £ 4 However, if a Si0 2 film is made thin to 4 nm or 

n m£XT\cM< t\ ZCO^f less, the leakage current (gate leak electric 

— Mfeftfll^^ftSltftll^ current) which flows through this gate insulation 

h V —PMM) < ft film will increase, problems, such as increase of 

9 ^ T^W i t)(^i^i^ J ^'fy < 4 7 power consumption and acceleration of device 

#'l4^Mb<^nii& ^(T^il^^ property degradation, arise. 

[0 0 0 4] [0004] 

l£tc s YW^>^^\^%%% Moreover, the boron contained at said gate at 

h l-'a ^ ^l{t/$> S i the time of gate-electrode formation penetrates 

0 2 HI^r^tftltT^ U through a Si0 2 film, and it reaches a silicon 

}&(-iiU substrate, it also produces the problem of 

^r^Mb^itS t 5 f^M t>£ C degrading a semiconductor device property. 

&o ^ <D i 9 ftFp1fiL&£$?$: As one method of solving such a problem, the 

— o(Z)^&i LT, y— h nitridation film (SiN film) is examined as a gate 

BB^mtLXmtm (S i insulation-film material. 
NI) aMftWS;hrc^5. 

[0 0 0 5] [0005] 

:(DS i NJHSrC VDffiCio If this SiN film is formed by CVD method, many 

XMj$irZ>t, ^y^ySSi imperfect connections (dangling bond) will 

<DWW^*kV> : ^7u^fe J n (V occur in the interface with a silicon substrate, 

•>{fyz/?l£>Y) ^i4Lt. and a device property will degrade. 

f^^^tttt^^ftLTLS Therefore, by said SiN film formation, it is 

0o ^(Dtzbb, ^flS iNli thought that the method of nitriding directly the 

j$LXii, ^XV^ffl^fciyy silicon substrate which used the plasma is 
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promising. 

The reason for performing a nitridation directly 
is for obtaining the high quality gate insulation 
film with less an interface state. 



[0 0 0 6] 

-?&5 0 s i Niaiiao 
r^trf 5<b iooo° c£JLL 

gic J: 19 v-y 3y|||iaAJ 

(i#^BS5 5-134937-^ 
^$S^#llBg 59-4059-^- 

[0 0 0 7] 

TS i NJR«rJBriS1-S$§£\ 7° 
7 tpouj- yfczf? XV v- 



[0006] 

Moreover, the reason for using the plasma is 
low temperature, and is for forming a SiN film. 
If a SiN film is nitrided by heat, C or more 1000 
degrees high temperature is required. 
When the dopant injected into the silicon 
substrate by this heat process carries out 
variant diffusion, a device property will degrade. 
Such method is disclosed by 
Unexamined-Japanese-Patent No. 55-134937 
and 59 to 4059 etc. 



[0007] 

However, since it accelerates with a plasma 
sheath electric potential and the ion in the 
plasma is irradiated by the silicon substrate with 
a high energy when forming a SiN film using the 
plasma, what is called a plasma damage occurs 
in the silicon-substrate interface or a silicon 
substrate, the problem that a device property 
arises is pointed out. 



[0 0 0 8] [0008] 

Z.<D?$M\z.ttV* M J f-M&ti i 1& To this problem, electron temperature is low and 

< , 7° -7 XV # t — i?<D/b £ »/ > the microwave plasma apparatus equipped with 

^^.(OT. ]) y h SrWi"5¥®7' the flat antenna which has the slit of many of 
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y'ri'&iM ? v$L~7y small plasma damages is reported. 

[0 0 0 9] [0009] 

( Ultra Clean technology (Ultra Clean technology Vol.10 Supplement 1, 

Vol.10 Supplement p. 32, 1998, Published byUltra Clean Society). 

1,p.32,1998,Published byUltra 
Clean Society) 0 



[0 0 10] 

m^umt i e vu&&Tx-h 
*mj±tf 5 o vi$©'^*«^ 



[0010] 

When this plasma apparatus is used, electron 
temperature is about 1eV or less. 
Since a plasma sheath voltage also becomes 
several V or less, a plasma sheath voltage can 
reduce a plasma damage significantly to the 
plasma of the past which is about 50V 



[0011] 



[0011] 

However, even if it performs silicon-nitride 
treatment using this plasma apparatus, when 
forming a SiN film by direct nitridation, there is a 
problem that the film-quality control by the 
interface with a silicon substrate is difficult to 
acquire good interface with few connection 
defects by distributing oxygen unevenly only in 
the silicon-substrate interface. 



[0 0 12] [0012] 

]gk:> - oy^XV^fL^fflv^ Furthermore, in order that a nitridation may 

■fcflHa, ^>^S progress when this plasma apparatus is used, 

WLfa\^WM1r%^h\z.& } 0^l\\L and a nitrogen atom is diffused in a silicon 

^iifrfcfc, ^fciiSri 5 i§<x substrate, there is a problem that nitridation 

ffi^Mi${zffife(D&M&1$Li~#!f speed is slow, time to perform fixed treatment to 
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a processed substance is long, there is little 
treatment number of sheets of the processed 
substance per unit time, and it cannot utilize 
industrially. 

For example, per throughput demanded from a 
point of view of mass-production manufacture, 
for example, a processed substance, when 
forming a 4 nm SiN film, even if it adjusts 
various plasma conditions, such as pressure 
and a microwave power, it takes about 5 
minutes or more, and is much less than the 
desired value of the processing time of about 1 
minute. 



[0013] 



[0013] 



m) 

KWJ.»*M«fc<fi : 5 zk<DX* 



[PROBLEM TO BE SOLVED BY THE 
INVENTION] 

This invention was made in order to solve the 
problem of the above-mentioned past. 
Namely, this invention aims at providing the 
manufacturing method and manufacturing 
equipment of a semiconductor which can 
perform film-quality control by the interface of a 
silicon substrate and a SiN film with the 
sufficient result. 



[0 0 14] 

K<D S i NmZftZ&'f 5 ^t(D 



[0014] 

Moreover, this invention aims at providing the 
manufacturing method and manufacturing 
equipment of a semiconductor which can form 
an in a short time high quality SiN film. 



[0 0 15] 



[0015] 
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1 nm^TOif frV ^^Wt 



[MEANS TO SOLVE THE PROBLEM] 

It forms the plasma which contains oxygen, 
nitrogen or oxygen and nitrogen in the 
processed base material which the 
semiconductor manufacturing method of this 
invention is process-gas atmosphere, and has a 
silicon as a main component by irradiating a 
microwave through the flat antenna member 
which has two or more slits for the 
above-mentioned objective achievement, it is 
characterized by giving oxidation, a nitridation, 
or an oxide/nitride directly to said 
processed-base-material surface, and forming 
the insulation film of film thickness 
(silicon-oxide-film conversion) 1 nm or less in it 
using this plasma. 



[0 0 16] 

sum t rafrt a xm*&* 

TMttt*). mtM&l* 3 o fp 

■So 



[0016] 

In the semiconductor manufacturing method of 
this invention, since insulation-film thickness is 
1 nm or less, a nitridation of a silicon substrate 
constitutes the processes with a main process 
to which the nitrogen atom, oxygen atom or 
nitrogen atom formed by not diffusion but the 
plasma, and an oxygen atom react with a silicon 
substrate surface, as for nitridation speed, it can 
carry out in a short time of about 30 seconds 



[0017] [0017] 

Z.<DMt££4kXi3.%fcitXte%&'£ Since the filming speed of 3 or more nm/min 

ikLtcW ! ll&%&&.$&±.ltZ-CVDfe can attain comparatively easily when forming 

K X 9 Wk <D%&&$£&Mf&-frZ> the remaining insulation film by CVD method on 

if £\ 3 n m/m i n £l±.(DM this direct nitridation, oxidation, or the thin film 

HIjIfi/^itgilft^B^jiJ&T-t insulation film that earned out the oxide/nitride, 

•5fc#>, b — nmcoSiJf: it can also form the insulation film of the film 
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(D^WMiX t) 2 £fi^rt TiFM"C thickness which is total 4 nm within 2 minutes. 



[0 0 18] 



s<x y y = ^s^^ffi-coiiR 



[0018] 

Furthermore, in the semiconductor 
manufacturing method of this invention, since 
the process which forms good insulation film in 
the interface with a silicon substrate by a direct 
nitridation, oxidation, or an oxide/nitride, and the 
process which forms the remaining insulation 
film by CVD method on it can be performed 
independently, compared with the method of 
forming insulation film, the film-quality control in 
the silicon-substrate interface improves all by a 
direct nitridation or CVD method, it can form 
better insulation film. 



[0019] [0019] 

Z<D¥Mt$WstjjW;Kto\/^X ^ In this semiconductor manufacturing method, 

itufE&LS^fi, fflz-it, N 2 X the gas by which said process gas contains N 2 , 

(IN 2 O X it N O X it N H 3 £r N 2 O, NO, or NH 3 , for example is mentioned, 

"atftf^aptf* bfc&o dco&i This process gas may contain noble gases, 

MX xftT /is Z<D1btfx such as argon. 



[0 0 2 0] 

m. ximm^ xitmmtmm 
<d y* 7 x-r *m v ^x 



[0020] 

Moreover, it forms the plasma which contains 
oxygen, nitrogen or oxygen, and nitrogen in the 
processed base material which the other 
semiconductor manufacturing method of this 
invention is process-gas atmosphere, and has a 
silicon as a main component by irradiating a 
microwave through the flat antenna member 
which has two or more slits, the process which 
gives oxidation, a nitridation, or an oxide/nitride 
directly to said processed-base-material 
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Xnte&ik&M LT^ 1 <Dtft$k surface, and forms 1st insulation film in it using 

1&t:M&?Z>lMk* tulS^l this plasma, it is characterized by comprising 

<D^BB:±.\^ 2 (DM^ZB the process which forms 2nd insulation film on 

5;Ilt5:i: said 1st insulation film. 

[0 0 2 1 ] [0021] 

±f^^ffcMj£^&t-&v^-C, In the above-mentioned semiconductor 

itufB^2<Z)|fe|iJ31te, 0Hx.fi* manufacturing method, the insulation film which 

$L4kt~4 Mfrbt£%1&Wf.W)*Wi said 2nd insulation film turns into from a silicon 

if £>tl5 0 nitride, for example is mentioned. 

[0 0 2 2] [0022] 

Z.(Dl$2<DlfcWM'£ : fcJ&~$'Z>T. CVD method may perform the process which 

Wi. C V DfeM «fc >9 fTot t> forms this 2nd insulation film, plasma irradiation 

cfc < , 7 s 7 XV |$tt fd J: tJ f? o may perform. 

[0 0 2 3] [0023] 

r. <T>% 2 coffeHflf <£>7lMli> The method of forming, when formation of this 

ill N 2 XI±NH 3 M^/v' 2nd insulation film supplies the plasma 

7 l/yj&i/V ujisisy^Xfe h containing N 2 or NH 3 and a monosilane, a 

]) 7 p jVi/7 yfciSt? ^7 XV dichloro silane, or a trichloro silane, for example 

5 - i «t 0 ff^-T 5 is mentioned. 

[0 0 2 4] [0024] 

^^P^co^^flsS^ia^Sf- ctti According to the semiconductor manufacturing 

(4\ *Q;gl:#x#|gMT'C\ ^"-f method of this invention, in process-gas 

ili^tt^Sj&llfr atmosphere, it supplies the direct plasma on a 

W&<D7* ]) 7 V SrWi"-5¥ silicon substrate by the method of using what is 

ffi7yftM^L-C-7^^ called a RLSA (Radial Line Slot Antenna) 

p £r 88 Jft"f" 5, ^t>^5RL antenna that irradiates a microwave through the 

SA (Radial Line Slot Antenna) flat antenna member which has two or more 

T^7~t : &Ri\<^Z)jjfeX*i'V =* slits, and forms SiN insulation film in the 

yM;ffi.±.\C\M.fg7°7 XV £r#M& processed base material which has a silicon as 
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LT S i N$fe8fclll&r7FMi~ 5© a main component, depend. 

X\ is V 3 ySKi ^(D^M^z. It can perform film-quality control of the 

7FM£ti5S i NlfejfJjli interface of a silicon substrate and the SiN 

^(Df^^U'M^'WMiX < ff b - insulation film formed in the surface with the 

t & X # -5 o sufficient result. 



[0 0 2 5] 

Efc, ^^cDffccD^gftMici 

ATyft^ffi^fc^SX'1 1 
Lfe±{d^ 2 co 
Sr £ X {& ^ - 7° 7 X 
•v flgft [z. «fc >3 Jgfifc-f § cd -CiU p° P 
It CDS i NlMtS-HS 
T'£5 0 #tcf5 2 c/)«]g££ C 

w^mxM^^s i Ni^i 



[0025] 

Furthermore, according to the other 
semiconductor manufacturing method of this 
invention, since 1st insulation film was formed 
upwards by the method what is called using a 
RLSA antenna and all 2nd insulation film is 
formed by low damage plasma irradiation, it can 
form a high quality SiN film. 
Particularly when forming 2nd insulation film by 
CVD method, filming in a short time is attained, 
it can form an in a short time high quality SiN 
film. 



[0 0 2 6] 



[0026] 



[EMBODIMENT OF THE INVENTION] 

l$i<DM It demonstrates one Embodiment of 
invention below. 



this 



[0 0 2 7] [0027] 

£-f#3PJcr)^2g#Kj£;^)£l£ About an example of the structure of the 

<toTMis^ti/5^2i^^EcD semiconductor device first manufactured by the 

Wi&(0— Wcioi,^ IfeWfek semiconductor manufacturing method of this 

Lty- Mfe&fll^{ix.yc^# invention, it makes into an example the 

ffci^ft&W^ LTH 1 fc£ 9 ffc semiconductor device equipped with gate 

B^"t"-5 0 insulation film as insulation film, and FIG. 1 

demonstrates it. 



[0 0 2 8] 



[0028] 
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m*p i msv 1 1 « 

mmm2\* y mi u) i^-r 

M.fctl&^Rtf 1 nmgl 
[0 0 2 9] 

r tf>#!-efiq p nJC<D;*iv^ i coil 
2 1 tt, m^^#ismt-c\ 

T l"s i ONilj <tv^) £ 9 

* -So 



1 is a silicon substrate in the drawing(s), 11 is 
field oxide, 2 is gate insulation film. 
1 3 is a gate electrode. 

This invention has the characteristics in the 
gate insulation film 2. 

This gate insulation film 2 is formed in 1st 
insulation film 21 with a thickness of about 1 nm 
and the upperside of 1st insulation film 21 which 
are made up of insulation film with high quality 
formed in the interface with a silicon substrate 1 
as shown in FIG. 1(b), for example, it comprises 
2nd film 22 with a thickness of about 3 nm. 



[0029] 

In this example, it forms the plasma which 
contains oxygen, nitrogen or oxygen, and 
nitrogen in the processed base material which 
1st film 21 with high quality is process-gas 
atmosphere, and has a silicon as a main 
component by irradiating a microwave through 
the flat antenna member which has two or more 
slits, it is made up of 1st silicon oxynitridation 
film (henceforth a "SiON film") formed in said 
processed-base-material surface by giving 
oxidation, a nitridation, or an oxide/nitride 
directly using this plasma. 



[0 0 3 0] [0030] 

£fcH 1 <DB2 1 J; 9 ti&Jigji Moreover, 2nd film 22 with the larger 

&<D jK% V ^ 2 (DB: 2 2lt m film-forming speed than 1st film 21 is formed of 

fail 1 co^icii_h{' W, 2 (D%&B- the process which forms 2nd insulation film on 

|]I£flM1--5III^J; <0Mf&£ said 1st insulation film. 
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[0 0 3 1 ] 

•So 



[0031] 

II Next, it demonstrates the formation method of 
■f such gate insulation film 2. 



[0 0 3 2] [0032] 

HI 2 feifWRco^MW-W&.lvfe FIG. 2 is the schematic diagram showing the 

Z$£Mrzizto<n*mfrWkm. whole 

f3 0 <n&i$Mf&&7F~ffflift&M semiconductor-fabrication-machines-and-equip 
X°fo& 0 ment 30 composition for implementing the 

semiconductor manufacturing method of this 

invention. 



[0 0 3 3] 

^3 KDmmz&'omtr&o^ 
3 5, jn?»3.= y h 3 6 mm 



[0033] 

As shown in FIG. 2, the conveyance chamber 
31 is arranged by the almost center of 
semiconductor fabrication machines and 
equipment 30, the plasma-processing unit 32, 
the load-lock units 34 and 35 of 33 or 2 CVD 
treatment units, and the heat unit 36 are 
arranged so that the perimeter of this 
conveyance chamber 31 may be surrounded. 



[0 0 3 4] [0034] 

D-Fny^a-y f 34, 3 Beside the load-lock units 34 and 35, the 

5 o^lcifi^Ht^SP^.— y h 4 pre-cooling unit 45 and the refrigeration unit 46 

5 N v h 4 6 Hfi^fi^ are each arranged. 



[0 0 3 5] [0035] 

3 1 (DfafflWiffllivkT— The conveyance arms 37 and 38 are arranged 

A 3 7 RU- 3 8 ^Ifilx^tLT jo inside the conveyance chamber 31, it conveys 

•9 » itfjIE^^-— y h 3 2 ~ 3 6 Wafer W between said each unit 32-36. 
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t <d on r* $ w&jRan- s « 



[0 0 3 6] 

u— h'By^asy h 3 4&t>* 

3 5 ©H^fla«^fio— 

-v>4 3±i^ir^ h£tbfc4£ 
(D%±y b 4 4 ^COPeHT'^/N 



[0036] 

The loader arms 41 and 42 are arranged by the 
figure metacarpus front side of the load-lock 
units 34 and 35. 

These loader arms 41 and 42 take Wafer W in 
and out among four sets of cassettes 44 set on 
the cassette-stage 43 further arranged by the 
near side. 



[0 0 3 7] [0037] 

M 2 4 1 <D C V D&LS^- In addition, the CVD treatment unit 33 in FIG 2 

v h 3 3 14 7° 7 X-vfaM^— y is exchangeable for a plasma-processing unit of 

h 3 2 t \r\%£(D'7 0 7 X-?$d>Mz>- the same type as the plasma-processing unit 

=-y b k&&*IH&X*fo <0 , 7° 7 32, and may set two groups of 

Xv^Iany h £~ Hi? y h plasma-processing units. 



[0 0 3 8] 

jE(-, ^?)/7X-7^1a= 
y h 3 2WCVD^Ia=y 
h 3 3(4, kh\zi/yy*/\s^v 

^s<W7°7 xv/c v Dmm^- 
-v bk5im»smx>h<9, 7° 7 

h 3 2-^CVD 

h 3 3«tll:-l 
X(4— 2 (D i/ V 

»-5/ h 3 2T-I8S i O 
h 3 3 t*X7 XV S i Nm% C 



[0038] 

Furthermore, both the these plasma-processing 
unit 32 and the CVD treatment unit 33 can be 
exchanged for the single chamber type plasma / 
CVD treatment unit, and can also set the single 
chamber type plasma / CVD treatment unit of 
one group or two groups to the position of the 
plasma-processing unit 32 or the CVD 
treatment unit 33. 

When plasma processings are two groups, after 
forming a direct SiON film in the treatment unit 
32, it is sufficient to perform direct SiON film 
formation and SiN CVD film formation in 
juxtaposing in the method of carrying out CVD 
of the plasma SiN film in the treatment unit 33, 
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V D -f -5 fife t , =. y V and the treatment units 32 and 33. 

3 2 RX3 3 3 "QWMKWXk S i Or after performing direct SiON film formation in 

ONllMi: S i N CVDi juxtaposing in the treatment units 32 and 33, 

MjR&ff ott)|l\ j&V^i^Q; another apparatus can also perform SiN CVD 

la- y h 3 2 3 3 -e3£?ij film formation. 
titffiS i ONBSfcjfiSrfTofc 
SUw^s-es i N CVD 

[0 0 3 9] [0039] 

El3}i^'— M6iS$l|g 2 FIG. 3 is a vertical sectional view of the 

ffl V ~> ti5 X-r #131 5/ plasma-processing unit 32 used for film-forming 

h 3 2 <D&\B.WimMX*foZ)o of gate insulation film 2. 



[0 0 4 0] 

5 0 fiflj 7L \£T/V % =■ t A (C «t 

u w $ *i ji & r* *> 5 o 

r<DK^«5 OcDiffitCf^ 

^SpSJ5 1 *s?grit$ix"C43 
19, r<7)FJp^5 1 &M<3:5 

'ywtfxViifeg. 5 4 assort e>ti 

5 4f^A£ftfc:#*;^i£# 
5 ort^*? ft 

5 <£ 5 l^iotl^o 



[0040] 

50 is the vacuum vessel formed of aluminum. 
The base plate 51, for example, the larger 
opening than Wafer W, is formed in the 
upperside of this vacuum vessel 50, the gas 
feed chamber 54 of the flat cylindrical shape 
comprised with dielectrics, such as an 
aluminium nitride, so that this opening 51 might 
be plugged up is provided. 
Many gas supply holes 55 are formed in the 
underside of this gas feed chamber 54, the gas 
introduced into the gas feed chamber 54 is 
supplied in the shape of shower in a vacuum 
vessel 50 through said gas supply hole 55. 



[0 04 1 ] [0041] 

tf^Wi^ 5 4 <Dft-MK\$^ M It accomplishes a high frequency power supply 

J: 9 Mffc £ titc 7 *s through the radial line slot antenna (it describes 

7^7^ V^o y fTyrt it as "RLSA" roughly hereafter) 60 formed in the 
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(UT. trlsaj tmmi- 
5.) 6 o£^lt, Mmmmm 

SBSrfcU 2. 4 5 GH 

z <£>-^ * p$£3§£1-5-7-f 
* n^m^6 1 Ki&^tiifc: 

^cO#^S§6 3(iR L SA6 0 

3»&g6 3A^ 
f 63 A(D±ffitc:-MJ^^ic 
£ftfcR»#$t6 3 B 
r<7)Rifi|if 6 3 B<D±ffi 

1 fc^^tiyc^2»& 

f 63Di ^ll^^-tir-Ctf^ 



outer side of the gas feed chamber 54, for 
example with the copper board, for example, 
waveguide 63 connected to the microwave 
power supply 61 which generates a 2.45GHz 
microwave is provided. 

The end side is connected to the side face of 
the coaxial waveguide converter 63C by which 
this waveguide 63 was connected to the 
upperside of the flat circular waveguide 63A by 
which the inferior margin was connected to 
RLSA60, the cylindrical waveguide 63B by 
which the end side was connected to the 
upperside of this circular waveguide 63A, and 
this cylindrical waveguide 63B, and this coaxial 
waveguide converter 63C right-angled, the 
other-end side is comprised combining the 
rectangular waveguide 63D connected to the 
microwave power supply 61 . 



[0 0 4 2] 

m&£tiz>Mm&njjte3 o o 

MHzWWUHF^l GHz 
U±.(0-^^ ? P$£^tl\ 3 0 
0 MH z U± 2 5 0 0 MH z £X 

3b©wi:ii mmmmx 

L S A 6 0 <D±M<DmZtip 



[0042] 

It is calling it the high frequency region here 
including UHF and a microwave in this 
invention, let the high frequency electric power 
supplied from a high frequency power supply be 
the thing including UHF of 300MHz or more or 
microwave of 1GHz or more of 300 to 2500 
MHz, it shall call the plasma generated by these 
high frequency electric powers the high 
frequency plasma. 

The end side of the axial part 62 which turns 
into an inside of said said cylindrical waveguide 
63B from electroconductive material connects 
with the almost center of the upperside of 
RLSA60, it is coaxially provided so that the 
other-end side may connect with the upperside 
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6 3 B <D±® \z3£Wt~t%> <£ 5 of the cylindrical waveguide'63B, thereby, said 

iRl^^t^lStt^tuTjo^ % Clti waveguide 63B is comprised as a coaxial 

M <£ D W 6 3 B ttPMIl waveguide. 

[0 0 4 3] [0043] 

H^^S5 0(D±^IiJ(D{lll(c The gas supply line 72 is provided in the 

l$fflz.&Z<Dmj3\imzfe<oX&} position of 16 places which it has arranged 

fulfill Lfc 1 6 ib>ffi<DtiLU\z. equally, for example along the circumferential 

iJTs&ftfgl 2tfiWirtbftX& direction on the side wall by the side of the 

<9> Z(Djf 7 2frt±>%> upper part of a vacuum vessel 50, the gas 

jf ^-RV-N &1$t?lf xtfMQ.^ which contains a noble gas and N from this gas 
til 5 0 co^y X-rfil i$ P supply line 72 is supplied equally and uniformly 

J* 7 ft < *&^Mift$n J: 9 near the plasma region P of a vacuum vessel 

(C&oTV^o 50. 

[0 0 44] [0044] 

-£tzM£&%$5 OftMfi, Moreover, in the vacuum vessel 50, the 

5 4 bttftiTZk?^'} mounting base 52 of the wafer W opposing the 

jiyNW 5 2 ri^tt ibti gas feed chamber 54 is provided. 

-CV3 0 ^<D$,Ui$ 5 2{c(iH The heat-regulation part which it does not 

TjkL^^UM^i^M^fiXio illustrate is built in this mounting base 52, 

<9 , rtillJ: !3 ^f£icE-p 5 2 thereby, said mounting base 52 functions as a 

(«RTiit5J:9t^ heating platen. 

o-CV^5 0 $ blzMQ^^S 0 Furthermore, the end side of an exhaust tube 

<D&&\zttWf&. f & 5 3 (D— ffiftij 53 is connected to the bottom part of a vacuum 

^^^tbTfc 9 > :#If vessel 50, the other-end side of this exhaust 

5 3 <DitiL$bi9!UtM?E.tfy7 5 5 tube 53 is connected to the vacuum pump 55. 

[0 0 4 5] [0045] 

^fi^MP^O^ffcSfja^g FIG. 4 is a top view of RLSA60 used for the 

V * ^tbS R L S A 6 0 (D^p semiconductor fabrication machines and 

®HT*fo'5o equipment of this invention. 

[0 0 4 6] [004S] 
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El 4 \Z.7jk Lfc J; 9 \Z- % r R L As shown in FIG. 4, in this RLSA60, two or more 

S A 6 OT*ii % ^tg^Hifcco* slots 60a and 60a and... are formed in the 

p y h 6 0 a , 60a, •••^IH surface at the concentric circle. 

'^RW-ff^^tLTV^o Each slot 60a is the slot which the rectangle 

p y Y 6 0 a flB&^^coRii t penetrated roughly. 

9 s iitS^oy h Adjoining slots are arranged so that it may 

t' 9 LfiSW.iiE^LTB&T^ intersect perpendicularly mutually and the 

T t J co^C^ 3rff2 character of "T" of an alphabet may be formed 

/&-f5<k 0\^m^tiXl^ o roughly. 

* n y h 6 0 a 05^$^>El?iJIKJ The length and the sequence intervals of Slot 

Mit , <Y ^ p )K W>S3 6 1 J; 60a are decided according to the wavelength of 

^^L/i-^ ? P^co?Sft(- the microwave generated from the microwave 

fcCXfcfeZtiX^^&o H5« power supply 61.. 

;fc3PJ3cD^ffcKial£il^if!^ FIG. 5 is the vertical sectional view having 

£b>ti£> C V D^tS^ 1 -— s/ h 3 3 shown typically the CVD treatment unit 33 used 

&rll5W)t^ L/iSil^f®IIl"C for the semiconductor fabrication machines and 

5 „ equipment of this invention. 

[0 0 4 7] [0047] 

H 5 (c^i-j; o CVD^I As shown in FIG. 5, the treatment chamber 82 

a^y|3 3 (D^mM 8 2 1100 of the CVD treatment unit 33 is formed in the 

^fi'TA-? J±^\z.l. >9 structure which can carry out an airtight by 

^f£&«^f'ffM£*iTV^o aluminum etc. 

msXVX^y&lstzti*. ^S^8 It omitted in FIG. 5. 

2ft('f±M}$^M ; l$tft£ However, in the treatment chamber 82, it has 

iix."CV^ 0 the heating machine style and the cooling 

mechanism. 

[0 0 4 8] [0048] 

^M^8 2 [atl-U^^^tf* The gas introducing pipe 83 which introduces 

^jgXi"-5^'^^Af ; 8 3^S gas into an up center is connected to the 

^$tt, &L3M8 2 treatment chamber 82, the inside of the 

At 8 Srt^r^igii^tixv^ treatment chamber 82 and the gas introducing 

5c tf^MA^S 3l$lf pipe 83 is connected. 

xfel&M 8 4 Moreover, the gas introducing pipe 83 is 

&o tit, tf^W&Wk 8 4^ connected to the gas supply source 84. 
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And gas is supplied to the gas introducing pipe 
83 from the gas supply source 84, gas is 
introduced in the treatment chamber 82 through 
the gas introducing pipe 83. 
Various kinds of gas used as the raw material of 
thin film formation is used for this gas, when 
required, the inert gas is used as carrier gas. 



[0 0 4 9] 



[0049] 

The gas exhaust tube 85 which exhausts the 
gas in the treatment chamber 82 is connected 
to the lower part of the treatment chamber 82, 
the gas exhaust tube 85 is connected to the 
exhausting means which is made up of a 
vacuum pump etc. and which it does not 
illustrate. 

And the gas in the treatment chamber 82 is 
exhausted by this exhausting means from the 
gas exhaust tube 85, the inside of the treatment 
chamber 82 is set as the desired pressure. 



[0 0 5 0] [0050] 

£fc, t&M'g. 8 2 coTpRi^is Moreover, the mounting base 87 which mounts 

r> ^/NW^iift-fSftjl 8 7 Wafer W is arranged at the lower part of the 

^gfijt^tiTV^o treatment chamber 82. 



[0 0 5 1 ] 



8 



7 _htCfcg£;ft,TV^ 0 w©« 

8 7 lutm^L^^mm.^ 

7 ±l£fcB £ tifc ^^W(D^ 



[0051] 

In this Embodiment, Wafer W is mounted on the 
mounting base 87 by Wafer W and the 
electrostatic chuck which same-diameter size 
does not illustrate roughly. 
The heat-source means which it does not 
illustrate are provided internally by this 
mounting base 87, it forms in the structure 
where it can adjust the treatment surface of the 
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wafer W mounted on the mounting base 87 to 
desired temperature. 



[0 0 5 2] [0052] 

roicfi-^ 8 7 W^l^li, 3 The size of this mounting base 87 is the size 

0 Ommd^^^W^tt which can mount the 300 mm large-diameter 

t'tS^t^^iotfc 1 !), & wafer W, it is the mechanism in which it can 

CTftg LfC7^^W£ rotate the wafer W mounted as required. 

mire § 5 J: 5 fc«W CioT 
^-5o 



[0 0 5 3] 

rtjBH-S- £ld<fc 0, 3 0 0m 
ro^mt^^^tuS, iHffiftill about as a result 

<5o 



[0053] 

Thus, by building in the large sized mounting 
base 87, it can treat the 300 mm large-diameter 
wafer W, and can implement the high yield and 
the inexpensive manufacturing cost brought 



[0 0 5 4] 

M8 2iiBi:tt!>x/NWSrB 

8 2a (Dfflfflftff — h'</1s79 

LT^S^8 2rt^tUA t 9 LT 
3^8 2A^»ffl-r5ct 



[0054] 

Opening 82a for taking Wafer W in and out of 
treatment chamber 82 wall surface on the 
right-hand side of the mounting base 87 is 
provided among FIG. 5, opening and closing of 
this opening 82a is performed by transfering a 
gate valve 98 to vertical direction in the 
drawing(s). 

The conveyance arm (illustration abbreviation) 
of a gate valve 98 which conveys Wafer W in 
right-hand side further is adjoined among FIG. 
5, a conveyance arm goes in and out in the 
treatment chamber 82 through Opening 82a, 
and mounts Wafer W on the mounting base 87, 
it takes out the wafer W after treatment from the 
treatment chamber 82. 
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5 0 V—^y K8 8(i 

ttg£8 7 <b^X2gAt8 3 £ 



Above the mounting base 87, the shower head 
88 as a shower member is arranged. 
This shower head 88 is formed so that the 
space between the mounting base 87 and the 
gas introducing pipe 83 may be divided, for 
example, it is made from aluminum etc. 



[0 0 5 5] 

\y\U— K8 8 It, -£(D± 

yip 8 3 a mtLkir^x o\m 
ft Mix £ fitc > -y !7 — ^ v k 

8 8rt^C3SA^tL-CV^S 0 



[0055] 

A shower head 88 is formed so that the gas 
outlet 83a of the gas introducing pipe 83 may be 
positioned in the up center, the gas introduced 
in the treatment chamber 82 is introduced in the 
shower head 88 arranged in the treatment 
chamber 82 as it was. 



[0 0 5 6] [0056] 

HK\z.}^(n^WkWi\ s X 9^-^ Next, it demonstrates a method to form the 

W±(c^r— YJfaBMZ J; 9 ft 5 insulation film which is made up of gate 

^BM^M^Lth^K^^X insulation film 2 on Wafer W using the 

Mty\i~Z)o above-mentioned apparatus. 



[0 0 5 7] [0057] 

HI 6 fe#$£tyi(Djj&;(D&TM(D FIG. 6 is the flowchart which showed the flow of 

: tfifri : fr7jkLtz7 p— ^-t— hX each process of the method of this invention. 

[0 0 5 8] [0058] 

£1\ m&<DT.UX<7^^W%. First, it forms field oxide 11 in the wafer W 

® K 7 4 —A- K@£{t;lif 1 1 £7F2 surface in the process of a prestage. 

f&ir -So 



[0 0 5 9] [0059] 

^XM£&%s 5 0 tfMlffi^lS: Subsequently, it mounts the wafer W with which 
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tftctf — h^^T* (Mtf^KS) it opened the gate valve (illustration 

JtT^^XfflxMT—J* 37 , 3 8 abbreviation) provided in the side wall of a 

(£<fc!9, itufBv'y ^l/W&Ll^. vacuum vessel 50, and field oxide 11 was 

\&\z.7 -i —/U KSMfclK 1 1 ififtZ formed in said silicon-substrate 1 surface of the 

fi££tifc[>^^W ; £riiS-n'5 2 conveyance arms 37 and 38 on the mounting 

±«S-f5 0 base 52. 



[0 0 6 0] 

ffi&5 6 «fc 9M*.tf 2. 4 5G 
Hz (3kW©v^nt^ 

jg 51 r«t ^HftLTRLSA 
6 0 S. 5 4 L 

tIM5 0l^|l|AU - 

«©:/?Xv««pfcTiWII« 



[0060] 

Then, after closing a gate valve and sealing an 
inside, it exhausts internal atmosphere through 
an exhaust tube 53 with a vacuum pump 55, 
and carries out vacuum suction to a fixed 
degree of vacuum, it maintains to the fixed 
pressure. 

On the other hand, it is 2.45GHz (it generates a 
3kW microwave.) from the microwave power 
supply 56. 

It guides this microwave from waveguide 51, 
and introduces in a vacuum vessel 50 through 
RLSA60 and the gas feed chamber 54, thereby, 
it generates the high frequency plasma in the 
plasma region P by the side of the upper part in 
a vacuum vessel 50. 



[0 0 6 1 ] 

6 3 DftZfcM*— KtfeiiS 

u mmmm^m6 3c\cx 
^mm^.we 3AKxmfb 

tltcftMXfcmLX\s^, RL 
S A 6 0<DXa y h 6 0 a £ 9 

#;*^^5 4£jg 
i§ LTX^ 5 0 ^*$A£*l 



[0061] 

A microwave transmits the inside of the 
rectangular waveguide 63D in a rectangular 
mode here, it converts into a circular mode from 
a rectangular mode with the coaxial waveguide 
converter 63C, it transmits the cylindrical 
coaxial waveguide 63B in a circular mode, 
furthermore, it transmits in the state where it 
was able to extend with the circular waveguide 
63A, and radiates from slot 60a of RLSA60, it 
passes through the gas feed chamber 54, and 
introduces into a vacuum vessel 50. 
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<5 C Z(D$&-?4 9 p^^rfflv^T In this case, since the microwave is used, the 

v>5 <DXfa^fe<D7* 7 7^-? ■fizfc high-density plasma occurs, moreover, since 

£L X ^fc-^^p^SrRLS the microwave is radiated from many slots 60a 

A 6 0 (D%^<D7 p v h 6 0 a of RLSA60, the plasma will become 

frbMLftLX^Z<D-?y*7 X-r high-density. 

[0 0 6 2] [0062] 

* LTicE-o 5 2 <DU&.%WW And adjusting the temperature of the mounting 

LT ^^W£r#Jx.ff 4 0 0°C base 52 and heating Wafer W at 400 degrees 

l£flnf& L&jG* b> tf^ttilqlf 7 C, from a gas supply line 72, it introduces Xe 

2 J: 9 H 1 (DjfxX'fo&X e ;# gas which is 1st gas, N 2 gas, and H 2 gas and 

> £ x N 2 137 t , H 2 137RU 0 2 gas by the flow of 500 seem, 25 seem, 15 

0 2 137t : k, 5 0 0 s c seem, and 1.0 seem, respectively, and 

cm, 25sccm % 15sc implements 1st process, 
cm, 1. 0 s c c m(DM&X 



[0 0 6 3] [0063] 

rcoXS"C(iv ^A£titc137 The introduced gas is activated in this process 

fiK^^fff 3 CtM Ltc7°y by the plasma style generated with the vacuum 

XV^td J; <0 fgtt-ft: {~7°7 7l-? vessel 3 (plasmafication), the oxide/nitride of 

it) £ ti, Z. 0)7*7 X-r J; <9 the surface of a silicon substrate 1 is carried out 

H7 (a) K7jk-$- X 5Ki, i/V by this plasma as shown in FIG.7(a), and 1st 

^zStS 1 <D^{Sitf$&Mik £ insulation film (SiON film) 21 is formed. 

X% 1 (D^WM: (S i ONI) In this way, it performs this nitriding, for example 

2 1 &Ml&&tiZ) 0 Z. o L-XZ. for 30 seconds, and forms 1st insulation film 

<DMikt&M$: fflz.lt 3 0 ®Wfr (SiON film) 21 with a thickness of 1 nm. 
\t\ 1 nm(Df ^©^ 1 (DBB. 
m (S i ONHI) 2 1 

[0 0 6 4] [0064] 

Okie, f— Y/^jvy '£Hf|# x K Next, it opens a gate valve and lets the 

^^l§ 5 0 F^^^iiT — A 3 conveyance arms 37 and 38 go in a vacuum 
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7, 3 8£itA£*. mWi$5 vessel50. 

2 ±GD?^^W£rS:i:J-?x<5 0 SB It receives the wafer W on the mounting base 

mT — A3 7, 3 8fi^Ji/NW 52. 

£r7°7 X-7^Ia= y h 3 2 ^ After the conveyance arms 37 and 38 take out 

b^"9 tti Lfcf£ x iitSCV WaferWfromtheplasma-processingunit32.it 

Dila-y h3 3rtcoitS-H sets them to the mounting base 87 in the 

8 7 Klir y V 5 0 adjoining CVD treatment unit 33. 

[0 0 6 5] [0065] 

^v>-ercoc VDti±M^.~y h Subsequently, CVD treatment is performed on 

3 3 rt-C")i^W±|i CVDM Wafer W within this CVD treatment unit 33, 2nd 
Mtf1&£tis 5fef^7FM£ft7tM insulation film is formed on 1st insulation film 
1 <D$>m^±.^Wi 2 (DB&tig& formed previously. 

[0 0 6 6] [0066] 

fflh, MQ^&S fatLXs That is, within a vacuum vessel 3, in the state 

^fiJg/^0!J;ifi*4 0 0°C, 7°o where wafer temperature is 400 degrees C and 

±^J±t)ff$lz.lii5 0 mT o r the process pressure is 50mTorr-1 Torr, it 

r ~ 1 T o r r (D^$MX\ introduces 2nd gas in vessel 82, and 

8 2fa\Z'B2<Dtfx$:^ALX implements 2nd process. 

|!2GDX^£!!;6S-f -5. o£ >9 That is, while introducing by the flow of 15 

Jfx@i1feW.8 4 X V) S i seem, the gas, for example, the SiH 4 gas, 

xty\z_itS i H 4 ^f^^rFlJx. which contains Si from the gas supply source 

(il5scc m©Itf#At 84, it introduces Xe gas and N2 gas by the flow 

%b£K, ^/"7#Af 8 3 i>) of 500 seem and 20 seem from the gas 

X e jfx t s N 2 # * t 3k* introducing pipe 83, respectively. 
5 00 s c cm, 20sccm 

[0 0 6 7] [0067] 

rcoXg'CIl, MA£:fitzW,2 In this process, it deposits 2nd introduced gas 

W^fi^^wXKiifftU on Wafer W, film thickness increases 

it^W0Bt^T'IIff^ii^-r comparatively in a short time. 

■5 0 t^<LT|2I7 (b) M^-f 2nd insulation film (SiN film) 22 is formed in the 

J: 0 fn (OlfeBM (S i O surface of 1st insulation film (SiON film) 21 as 
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NR) 2 1 ©Sffiti 2 co^ff shown in FIG.7(b) in this way. 

i (S i NflD 2 2 ^7FM£tl The film-forming speed of this SiN film 22 is for 

5 0 r»S i Nfll 2 2 Hfifefllil example, 4 nm /min, depend. 

S/^xJf 4 n m/5>*Cfc?) <0 It performs this film-forming treatment, for 

X\ r. (^Il^S^JxJd: 3 0 example for 30 seconds, and forms 2nd 

fJ>fTV\ 2 n m(DjJp:£ <7)fS 2 <D insulation film (SiN film) 22 with a thickness of 2 

mmm (s i nd 2 2&&i& nm. 

1~<5 0 -^i9tLT h-^/i^ Thus, it forms the gate insulation film 2 with a 

3 0 $>RflT? 4 n m<7)J? &<Dtf— thickness of 4 nm in total 30 seconds. 

[0 0 6 8] [0068] 

_hi£<£>^ 1 coX@"Cfi, $10 In above-mentioned 1st process, it forms the 

lfii&KS:^JSfe"t"S^BS U plasma containing oxygen, nitrogen or oxygen, 

^Sffl^Tt, 4r><^£:±fi)c; and nitrogen by irradiating a microwave when 

ftt't <5 £:n/>wi^ liSfcW* forming 1st insulation film through the flat 

]) v Y Sr^rt" S^PHT^T"^^ antenna member (RLSA) which has two or 

W (RLSA) ^^LT^-f^ more slits to the wafer W which has a silicon as 

p^^^l^-fS-it^^O^ a main component in process-gas atmosphere, 

l?t, y^ftMM, y.\tWMt^M using this plasma, it gives oxidation, a 

t Zisfcy? Xv^ML^ - nitridation, or an oxide/nitride directly to said 

c^y^XV^rffiv^TifjfS^^OfS processed-base-material surface, and forms 

S^^ffit-iSS^^b^ Mit, insulation film in it, depend. 

XfliftSfbSrlSUTilftlftlBISrJK Quality is high and it can perform film-quality 

J55gLTI^<50"C x p p q f ^iK, control with the sufficient result. 

[0 0 6 9] [0069] 

BP*?, W^&BIWppWfiH That is, the quality of 1st insulation film is a 

8 ^ i ? {^ffi\/^h(DVfo thing high as shown in FIG. 8. 

[0 0 7 0] [0070] 

HI 8 td^-fJ: o ^^VRO^r As shown in FIG. 8, it secures an interface state 

#^K^&(-J: { 9> mmt^ with low thermal oxidation film and this level 
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t |r] u^/i^-cofSi/^S^Pfi^rffil with the semiconductor manufacturing method 

{£U ^o, ^— h|fe£i81<£>ft of this invention, and it became possible to 

l±^±t f— hWi^^tf^ reduce the penetrating of the pressure 

^#Slt^ri£®i _ '5 - t tfvjfg resistance of gate insulation film, and the boron 

t ft o tzo in a gate electrode. 



[0 0 7 1 ] [0071] 

rtUc>tfU BigMikRVCV By the SiN film by a direct nitridation and CVD 

DffilciSS i N^-Cf4#ffi2p method, the interface state increased to this 

{i^ffcgHfcSlt-it^'Ctt^ L compared with the thermal oxidation film. 

tz 0 ZfDWiii, fBT'W^t!) In this case, dispersion of the carrier in the 

Ttf^iW^t < t£ <9 . byy interface becomes bigger, the actuation electric 

i/X 9 (DW^MMi) %l ^f't^> a current of a transistor falls. 



[0 0 7 2] [0072] 

r<Z)J; 9 (£ _hS£ <D rjjg Thus, the reason which the quality of 1st 

f&£titz.Wi 1 oolfe^^WppW^ 5 insulation film formed by the above-mentioned 

ifj< fr<5SSli&<7)=fc 9 method becomes higher is considered as 

fjtb'So follows. 



[0 0 7 3] 

£ t y y 
u ^v^' y y k>$ 5/ >& 

LTfiCVD-S i Njjl^H 

fflg^gfcS i ONBIirCVD 
-s i NBI©ftM«r1f»A<?iJ 



[0073] 

That is, in the semiconductor manufacturing 
method of this invention, both a nitrogen atom 
and an oxygen atom terminate the connection 
of a silicon atom efficiently in the 
silicon-substrate interface, a dangling bond 
decreases. 

Moreover, to the pressure resistance of gate 
insulation film, and the penetrating of a boron, 
the CVD-SiN film is acting effectively. 
As a result, in the semiconductor manufacturing 
method of this invention, it can utilize the strong 
point of a direct oxide/nitride SiON film and a 
CVD-SiN film with the sufficient result. 



[0 0 7 4] 



[0074] 
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rtbi^^J" L"C#H^ S i Nfcftf On the other hand, when forming the interface 

T*Mt51'n> yy^yy^ only by SiN, the termination of a dangling bond 

K<£>^#S>i s 'F5t£"^ ^ico is considered that were imperfect, for this 

fc*^#®2p{\z:^>li^: Ltz reason the interface state increased. 

[0 0 7 5] [0075] 

£ fc, ±IS^ 2 eoifl^rfr 9 ^ Moreover, it can form 2nd insulation film formed 

t^i. 9 fulfill (DBB^±.^ on said 1st insulation film in a short time by 

7F0$c £ ft § ^ 2 (DffeitHfiTO performing said 2nd process. 

HB "CflMi" 5 - £ # s "0 § -5 o * As a result, in order to form the insulation-film 2 

<D%a$k^ IfeWflfe 2 £.{$&Mf$i~ whole, it can finish in a short time as shown in 

SlcteTlE^-fJ: 5 icM^W the following. 

[0 0 7 6] [0076] 

Jg— colfeifcljlS i ON For example, if the gas flow rate of pressure 

WJF^lcov>T, R L SA7°7 100mTorr, Xe, N 2 , H 2 , and 0 2 is respectively 

XVSrfflV-CJEE;'} 1 OOmTo formed into a film about formation of the first 

r r , Xe, N 2 > H 2 , 0 2 (D insulation film SiON using the RLSA plasma at 

^^Sftt^^* 5 0 0 s c c 500 seem, 25 seem, 15 seem, and the 1-sccm 

m N 25sccm % 15scc temperature C of 400 degrees, as shown in FIG. 

m. 1 s c c mfiS4 0 0° C 9, it can form a 1 nm SiON film in about 30 

-C'j&IH-rs^ @9}i^LfcJ; seconds. 
0 1 nm©S i ONBI& 3 

[0 0 7 7] [0077] 

L-fr L, |b|^{4 : "C 3 n mco S i However, in order to form a 3 nm SiON film on 

O NflgSrTF^-t" 5 fi 2 4 5 fj> these conditions, it needed for 245 seconds. 

t&Wb Ltz 0 r<7)j5MjSgT'0 2 Even if it made the 0 2 flow into zero at this 

jjJtft&-£ p m t T t (5 1 h £ff£ film-forming speed, it hardly varied. 

ftL/i^of;, — ft, C V D"C On the other hand, in CVD, the film-forming 

fix e , S i H 4 % N 2 rfx-MHk speed of about 4.5 nm/min was respectively 

5 00 sccm, 15s attained in 500 seem, 15 seem, 20 seem, and 

ccm, 20500111, fijg 4 the temperature C of 400 degrees in Xe, SiH 4 , 
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and a N2 gas flow rate. 

Therefore, in 2 nm film thickness, it is less than 
about 30 seconds, and formed. 
As a result, in the semiconductor manufacturing 
method of this invention, it is less than about 60 
seconds of totals, and since 3 nm insulation film 
can be formed, compared with a direct nitriding, 
it can improve the film-forming speed 
significantly. 



[0 0 7 8] 

±IBR L S 

£zmsm&<£<Djm\z «t suss 

ON§|£«U :<DtCVD 



[0078] 

Moreover, the film-thickness change by 
film-forming of the direct oxide/nitride by the 
above-mentioned RLSA plasma is proportional 
to time to about 1 nm as shown in FIG. 1 -, it 
turns out that it is a surface reaction rate 
limitation. 

However, if it becomes more than this, it will 
become a diffusion rate limitation, the 
film-forming speed falls gradually. 
Therefore, in the semiconductor manufacturing 
method of this invention, it forms a 1 nm SiON 
film by a direct oxide/nitride, it formed the SiN 
film by CVD method after this. 



[0 0 7 9] 



[0079] 

(Example) 

An Example is shown below. 



[0 0 8 0] [0080] 

;£3S91tf>2£#tt:§!iie;£i£{;i«fc With the semiconductor manufacturing method 

<0, * : 5P#m7f2fi£&fTofcnS of this invention, it formed the 2 nm SiON film in 

i/V =i>'2slR±£l29 2fc^Lfc the treatment unit of 32 in FIG. 2 using the 

X 0 frigft^rffl^T R L S A7 0 RLSA plasma using the apparatus as shown in 

7X-7$:iv>Tl 2 3 2 <D%± FIG. 2 on.n-type silicon substrate which 
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ht'2 nmWS i ON 

mmn 3 nm (@£«m}£)iiii¥) 

T'feSo Si ONfiJtlK^fMco 
^Tfi, Xe/N 2 /H 2 /0 2 
MWl = 5 0 0 s c c m/2 5 s 
c c m/ 1 5 s c c m/ 1 s c 
c mT'JE^Ki 1 0 0 mT o r 
r , -r^f ^ p&/<«7 — f*2. 0 
KWT% Mil 4 oo° c-efc 
o fc 0 



performed element separation formation. 
The film thickness of total insulation film is 3 nm 
(oxide-film conversion film thickness). 
About SiON film-forming conditions, pressure 
was 100mTorr, the microwave power was 
2.0kW in Xe/N 2 /H 2 /0 2 flow =500sccm / 25 
seem / 1 5 seem / 1 seem, and temperature was 
400 degrees C. 



[0 0 8 1] 

CVD-S i NiWi^frC 
o^Tfi, Xe/SiH 4 /N 2 
ftftfi= 5 0 0 s c c m/ 15s 
c c m/ 2 0 s c c mtOll 
1 0 0 mT o r r , Tf" * n$ 
Ii2 5 KWt'filtt 4 0 0° C 
■Cfcofc„^RNFlBH:6 2#T% 
Hi 4 0tfc/h£jg 

WOW h 5 * ASSIST* t /Co 



[0081] 

As for 100mTorr and a microwave, about the 
formation conditions of a CVD-SiN film, 
temperature of pressure was 400 degrees C in 
25kW at Xe/SiH 4 /N 2 flow =500sccm / 1 5 seem 
/ 20 seem. 

The film-forming time is 62 seconds and a 
throughput attains h in 40 sheets /, it has 
checked that it was an industrially applicable 
enough level. 



[0 0 8 2] [0082] 

flgffcDJSj— ttt> 3 i/^vt' 3 % The result whose uniformity of film thickness is 
b&Mt£lfcZktf>'&bii1t 0 also as good at three sigmas as 3% was 

obtained. 



[0 0 8 3] [0083] 

h !6£ilig7fM^3l %Wt^ Succeedingly, it formed the p-type poly-Si-gate 

T\ pip o 1 y - S i - tf— in gate insulation-film formation, and measured 

h $:Mtty- h V — fMtfH the gate leak electric current and the interface 

tJTOPtfc&MJtLfc. state to it. 

^, 7 5 m V/ c mCDfUJjnfyp- As a result, gate leak obtained the result with as 

^*fLty— h y— ^(±1 . 3 good 1.3*10" 6 A/cm 2 and interface state as 
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X 1 0" 6 A/ c m 2 , 
6.5X10 10 /cm 2 /eVi 

OSFET (L/W=0. 2 5 
/lOum) ^Mtt^yt 

IDSSJ^±(DfI (5. 5X10 



6.5*1 0 10 /cm 2 /eV to the impression electrical 
field of 75 mV/cm. 

Furthermore, when p-MOSFET (L/W=0.25 / 10 
micrometer) was formed and the ON state 
current was measured, the oxide film and the 
value more than comparable 
(5.5*1 O^A/micrometer) were acquired. 



[0 0 8 4] [0084] 

J^±^L/i <£ o Jf.WR?>¥- As shown above, it was able to form about 3 nm 

MW-W&3j : Mz. <£ <0 3 n good gate insulation film at industrially sufficient 
<D&Kt£^— hlfefillf film-forming speed with the semiconductor 

t--h^^^i3SS"CJFM"f -5 - manufacturing method of this invention. 



[0 0 8 5] 



[0085] 



urx\ ^^m*3L$Lftt-tz> 



[ADVANTAGE OF THE INVENTION] 

According to this invention, in process-gas 
atmosphere, it supplies the direct plasma on a 
silicon substrate by the method of using what is 
called a RLSA antenna that irradiates a 
microwave through the flat antenna member 
which has two or more slits, and forms SiN 
insulation film in the processed base material 
which has a silicon as a main component, 
depend. 

It can perform film-quality control of the 
interface of a silicon substrate and the SiN 
insulation film formed in the surface with the 
sufficient result. 



[0 0 8 6] [0086] 

5£K^ #^^<7)ftil<D^J>{£Mj£ Furthermore, according to the other 
jjfeltZ.£fril~£, ^WSRLS semiconductor manufacturing method of this 
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invention, since 1st insulation film was formed 
upwards by the method what is called using a 
RLSA antenna and 2nd insulation film is 
formed, it can form a high quality SiN film. 
Particularly when forming 2nd insulation film by 
CVD method, filming in a short time is attained, 
it can form an in a short time high quality SiN 
film. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



mi] [fig. 1] 

%:%ffl<Di£QfcWkjjfelz.£ V It is the vertical sectional view of the 
3&is&ft3¥^{fci^R<^SttW semiconductor device manufactured by the 
WiMXh&o semiconductor manufacturing method of this 

invention. 



[IS] 2 ] 



[FIG 2] 

It is the schematic diagram of the 
semiconductor fabrication machines and 
equipment for implementing the semiconductor 
manufacturing method of this invention. 



[HI 3] [FIG 3] 

%L%ffl<D¥%tffcfgjl&jifeiz.fB\,^ It is the vertical sectional view of a RLSA 
^RLSA^yXvila^j/ plasma-processing unit which it uses for the 
h<Df£\MMWiMX*foZ>o semiconductor manufacturing method of this 

invention. 



[04] 

5RL S AGQ^ffiH-CfcSo 



[FIG 4] 

It is the top view of RLSA which it uses for the 
semiconductor fabrication machines and 
equipment of this invention. 
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[HI 5] [FIG. 5] 

*il©¥iWia*Sl-ffl^ It is the typical vertical sectional view of a CVD 
SCVD&l^^y treatment unit which it uses for the 

]"Cfc<5 0 semiconductor manufacturing method of this 

invention. 



[me] [FIG. 6] 

*^Wro^jfe^*3tt5y— H iffe It is the flowchart of the gate insulation-film 

iIMlg©7n- — h formation process in the method of this 

"Cfc-So invention. 



7] 



[FIG 7] 

It is detail drawing of the gate insulation-film 
formation by the method of this invention. 



[0 8] 



[FIG 8] 

It is the figure which compared the quality 
characteristics of the gate insulation film 
obtained by the various film-forming conditions 
and the film-forming condition of those. 



[0 9] [FIG 9] 

#8J5lcR#ifcK*3tt 5 , J&HBf It is the figure having shown the relation of the 

W[tWtW-t<D^^,^7^Ltz^X' film-forming time and film thickness in the 

h 5 0 various film-forming method. 

[HI 10] [FIG 10] 

It is the diagrammatic chart in which the relation 
-5 ^fllH^fH t flli? t cDM#&7f: of the film-forming time and film thickness in the 
Lf;^7 7T*fc5„ semiconductor manufacturing method of this 

invention was shown. 



6 0-RLSA (¥®T> 



[DESCRIPTION OF SYMBOLS] 

W... a wafer (processed base material) 
60... RLSA (flat antenna member) 
21 ... the first insulation film 
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2 1-^-«H 

2 2 22... 2nd insulation film 

3 2-7 ? 7X-7ji)il3.= y h 32... a plasma-processing unit (process 
<C?'a J e.7, c f-W<) chamber) 

3 3-CVD ^1^ =-y h (7° 33. . . a CVD treatment unit (process chamber) 



imi] [FIG.1] 




(b) 22,*2*>ttMt 

1 ^ J ^ 21. * 1 Alfttui 

1 



1: Silicon plate 
2: Gate insulation film 
11: Field oxide film 
21: 1st insulation film 
22: 2nd insulation film 
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[02] [FIG 2] 



30 

32, ??X7jMa-? h 33,c VOSaaa-y h 




32: Plasma processing unit 
33: CVD processing unit 
37: Function arm 
42: Loader arm 
43: Cassette stage 
44: Cassette 
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[03] 



[FIG. 3] 



32 



63, 63C 
SUES 

63A 63B\ 



LI 



63D 



61 




52;*** 



55 



52: Mounting base 

54: Gas supply chamber 

60:RLSA 

60a: Slot 

61 : Microwave power source part 

63: Waveguide 

P: Plasma region 

W: Semiconductor wafer 
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[05] 



[Fia 5] 
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[H6] 



[FIG. 6] 









ft 








*2roia 



1 st process 
Transport 
2nd process 



7] 



[FIG 7] 



(a) 



Xe i Ni* H2 

i i I 



zzzzzzzzzzz 



(b) 



SiH4» N2 ♦ Xe 



i I j 
rzzzzzzzzzza-21 
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ggjp: Film thickness 
ffe^RJE: Insulation pressure resistance 
y — b y ^ tt?5f£: Gate leak current 
l^ffi^i: Interface unit 

L# v^fEJE?£{fc: Threshold value voltage change 

^^^^fe This invention method 

^5Xv: Plasma 

ffi^lE^IEl: Direct nitridation film 

^M: Nitridation film 

HftlkM: Heat oxide film 
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HJ¥: Film thickness 
B#[IB: Time 

^c^^^rfe: This invention method 
JCS^t:;^: Direct nitridation method 
CVD CVD method 
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Biff: Film thickness 
B» Time 
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